Birds exhibit a wide variety of migration strategies, not only between species, but also within 13 species. Populations might migrate to specific sites outside of the breeding season, but individuals 14 within populations may also exhibit different migration strategies. Young, unexperienced birds may 15 take different routes, visit different sites, and time their annual cycle differently than adults. In turn, 16 within groups of adult birds, there may be a division between the sexes whereby males and females 17 migrate to different sites or, more commonly, at different times. We investigated differences in the 18 migration strategies of male and female ospreys (Pandion haliaetus) from a breeding population in 19 northeastern Germany. An important difference between the sexes was the much earlier leaving of 20 the breeding place by the females compared to the males. The difference in the timing of departure 21 was much more pronounced compared to most other raptor species. The other main difference 22 between the male and female ospreys was the distance that the birds accumulated over the annual 2 23 cycle, with males generally moving more while at the breeding ground compared with the non-24 breeding grounds, and the opposite in females. An exception to this observation was two males that 25 migrated to the Iberian Peninsula, that covered longer distances during the non-breeding season.
Introduction 40
Migration strategies of birds vary widely between species from short-distance, altitudinal migrations 41
[1] to cross-hemisphere migrations of birds weighing only 25 g between breeding grounds in the 42 northern hemisphere and non-breeding grounds in sub-Saharan Africa [2] . Not only are there 43 differences between species, but even within species there might be population-specific migration 44 routes [3] and non-breeding sites [4] . Even populations of the same species may spend the non-45 breeding season on different continents [5, 6] . Such differences within populations can relate to 3 46 several factors, but are most commonly attributed to age and/or sex differences [7] . Juvenile, unexperienced birds are more sensitive to adverse weather conditions [8] , have a lower navigation 48 capacity [9] , and often spend more time on stopovers compared with adults [10] , making their 49 annual cycles longer in both space and time than that of experienced adult birds. In adults, migration 50 strategies often differ between males and females, especially in bird species that are also territorial 51 at the non-breeding grounds or where there is pressure to return to the breeding grounds in a timely 52 manner to secure the best territories and ensure high breeding success. For example, compared 53 with Savannah sparrow (Passerculus sandwichensis) females, the males spend the non-breeding 54 season closer to the breeding grounds, presumably because they are the dominant sex and strive to 55 arrive earlier at the breeding grounds by minimizing the distance traveled to the non-breeding 56 grounds [11] . An earlier return of the males than the females to the breeding grounds is a rather 57 common phenomenon across migrating bird species [7] .
58
In raptors, unlike most other bird species, females are the larger sex [12, 13] . Accordingly, among 59 migratory raptors having a large size sexual dimorphism, females rather than males may spend the 60 non-breeding season closer to the breeding grounds. The osprey (Pandion haliaetus) is a species that 61 has been studied intensively, mainly using ringing recoveries. Female ospreys are larger than males, 62 but the size difference between the sexes is relatively small [14] , and thus differences in their 63 migration strategies may also be minimal. In addition, ospreys are usually monogamous, occupying 64 the same nesting site each year, and therefore the pressure to arrive early might not be as strong as 65 for other species that must strongly compete for both females and nesting sites. Nevertheless, the 66 ringing data of ospreys suggests that males do arrive earlier at the breeding grounds, partly because 67 they spend the non-breeding season further north, closer to their breeding grounds [15, 16] . These 68 findings, however, relate mainly to young birds and data on the migration strategies of adult ospreys 69 from Central Europe is lacking. Here we investigated the migration strategies of a population of 70 ospreys from northeastern Germany that was tracked between 1995 and 2017 using telemetry data 71 with a special focus on potential differences between sexes. tags. The number of fixes for these tags largely depended on how well the batteries were charged.
99
Because ospreys usually sit on treetops or masts and flee a lot, the transmitters were usually 100 sufficiently charged and recorded positions with an hourly interval between 4 am and 9 pm local 101 time.
102
The complete mass of each of the transmitters and harnesses used in the present study was less 103 than 2.2% of the body mass of the trapped bird and therefore only slightly impaired the bird's 104 performance. For further details, see Meyburg and Fuller (2007) and Meyburg and Meyburg (2013 The ospreys migrated over a broad front southward to their non-breeding grounds, which were 148 mainly located throughout western sub-Saharan Africa, but three males spent the non-breeding 149 season on the Iberian Peninsula (Figure 1) . Most of the birds spent the non-breeding season at the 150 coast of Senegambia and Guinea-Bissau, but some migrated as far east as Lake Lagdo in northern 151 Cameroon (Figure 1 ).
152 These differences also translated to differences in the distances of hourly movements: for females, 169 these were generally below 1 km during the breeding season, and for males, slightly longer ( Figure   170 3). During the non-breeding season, there were no apparent differences (Figure 3) , but there were differences in the daily patterns of movements: males migrating to sub-Saharan Africa did not Female ospreys showed a form of 'reversed protandry', leaving the breeding grounds before the 185 males ( Figure 5 ). The males stayed at the breeding grounds 2 to 3 months longer until after the 186 young had fledged but migrated faster and therefore ended up at the non-breeding grounds at 187 around the same time as the females ( Figure 5 ). Even though the two males that migrated to the 188 Iberian Peninsula had to cover much shorter distances and arrived the earliest at their non-breeding 189 grounds, they did not arrive earlier at the breeding grounds ( Figure 5 ).
190 Figure 5 . 
